Emodin (l,3,8-trihydroxy-6-methyl-9,10-anthraquinone) is a natural occurring anthraquinone formed in rhubarb and fungal metabolites. Emodinwas transformed into 6 major metabolites by rat hepatic microsomes. The metabolites were identified as 2-hvdro\yemodin, 4-hydroxyemodin, 5-hydroxyemodin, 7-hydroxyemodin, eo-hydroxyemodin, and emodic acid by comparison with the synthetic compounds using thin-layer chromatography. It was clear that 2-hydroxyemodin is a proximate mutagen as a synthetic compound by the Salmonella assay. Other metabolites, such as 5-hydroxyemodin and co-hydroxyemodin, became active after metabolic activation, but 4-hydroxyemodin and emodic acid were inactive either in the presence or in the absence of the metabolic activation system.
formed in rhubarb and fungal metabolites. Emodinwas transformed into 6 major metabolites by rat hepatic microsomes. The metabolites were identified as 2-hvdro\yemodin, 4-hydroxyemodin, 5-hydroxyemodin, 7-hydroxyemodin, eo-hydroxyemodin, and emodic acid by comparison with the synthetic compounds using thin-layer chromatography. It was clear that 2-hydroxyemodin is a proximate mutagen as a synthetic compound by the Salmonella assay. Other metabolites, such as 5-hydroxyemodin and co-hydroxyemodin, became active after metabolic activation, but 4-hydroxyemodin and emodic acid were inactive either in the presence or in the absence of the metabolic activation system.
Emodin
(l,3,8-trihydroxy-6-methyl-9,10-anthraquinone, EM), a metabolite of fungi and rhubarb, was mutagenic to Salmonella typhimurium TA1537in the presence of rat hepatic S-9 treated with PCB, phenobarbital (PB), or 3-methylcholanthrene (3MC).1} EM gave 6 major metabolites by rat hepatic microsomes when treated with the inducers.2) One of the biological metabolites showed mutagenicity in the absence of the activation system. The active metabolite was identified as 2- hydroxyemodin (2-OHEM) by mass spectrum (MS), nuclear magnetic resonance (NMR), and ultraviolet spectrum (UV).2)
In this paper, 2-OHEM, 4-hydroxyemodin (4-OHEM), 5 Silica gel powder precoated with oxalic acid (oxalatesilica gel) was prepared for column chromatography.
Silica gel powder (Wako gel C300) was added to an excess of 0.4n oxalic acid in methanol solution.
The excess methanol solution was removed by filtration, and the silica gel were dried at 60°C for 2hr. Those spectral data corresponded to the spectral data of Banks et al. by oxidation with chromium(IV) oxide. TAEM(25mg) was dissolved in mixture of glacial acetic acid (1 ml) and acetic anhydride (l ml), and chromium oxide (599mg) dissolved in acetic acid, too. Thechromiumoxide solution was gradually added to the TAEM solution, and the reaction mixture was stirred at room temperature for 24hr. TAEA (21 mg) was yielded from the acidic fraction of the reaction mixture. Hydrolysis ofTAEAwas done by the same method as TA-w-OHEM. The yield was 14mg from EM (20mg). w-OHEM was prepared by reduction of TAEAwith BMS. TAEA (4.26mg) was dissolved in dry tetrahydrofuran (THF) (500/zl). BMS (175//I) was added in the THF solution at 0°C, and the reaction mixture stirred at 0°C for 60min. The reaction was stopped by water, and the mixture was extracted with ethyl acetate. Unreactant, as TAEA,was removed with 5% sodium bicarbonate aqueous solution. Tables I, II , and III, respectively.
b) TLCexaminations
The Rfvalues of the synthesized derivatives are shown in OHEMhad the lowest Rfvalue among monohydroxy substituted at the aromatic region on EM, because it has two /?-hydroxy groups on the 9,10-anthraquinone skeleton. EA and co-OHEM, with oxidation at the 6-methyl group on EM, gave lower Rfvalues than 2-OHEM. co-OHEMgave the lowest Rfvalue amongthe prepared compounds.
The colors of six derivatives on the TLC plates are shown in Table IV . EM, 2-OHEM, 7-OHEM, co-OHEM, and EA were yellow. 4-OHEM was pink. 5-OHEMwas orange. After sprayed with magnesiumacetate methanol solution, 2-OHEM changed to brown, EM, 7-OHEM,eo-OHEM, and EA turned orange, 4-OHEMand 5-OHEM turned purple. c) TLC analysis ofmetabolites of EMby rat hepatic microsomes The metabolites by hepatic microsomes of 
10: 1, v/v/v).
The results are More 2-OHEM(a peroximate mutagen) was produced by both PCB-and 3-MC-induced microsomes than by control microsomes. These induced microsomes transformed EMto all of the prepared derivatives. However,a trace of 2-OHEM was detected from the metabolites by control (non-induced) microsomes. with microsomal mix (0.5 ml). CONT., non-induced rat hepatic microsomes; 3MC, 3-methylcholanthrene induction; PCB, polychlorinated biphenyl (Kanechlor 400) induction; PB., phenobarbital induction.
d) Mutagenicity of EMand EMderivatives to Salmonella typhimurium
An active metabolite has been identified 2-OHEM.12) Mutagenicity of 2-OHEMwere measured by Salmonella typhimurium using strains TA1535, TA100, TA1537, and TA98. The results are shown in The other compoundsdid not show mutagenicity within S-9. On the other hand, in the presence of S-9, EMshowed mutagenicity as a matter of course, but 2-OHEMdecreased the revertants to 162± 12 with 5jug/plate.
Both 5-OHEMand co-OHEMwere mutagenic activity as EM; these revertants were 472±32 and 265±9 with 10/zg/plate, respectively. However, both 4-OHEMand EA did not show mutagenicity with or without S-9.
Discussion
Strains used for this mutagenicity test were R-factor strains (TA98 and TA100) and Non-R-factor strains (TA1535 and TA1537 Considering the metabolic pathways of EM (Fig. 2),8 ) rat hepatic microsomes transformed EMto 2-OHEMwhen induced with PCB or 3MC.Therefore, this hydroxylation suggested the presence of isozyme P-450 as P-448 type in the microsomes. Non-induced and PB-induced microsomes mainly transformed the 6-methyl of EMby co-hydroxylation. The major metabolite by non-induced rat hepatic microsomes (control) was o>OHEM.It is not a proximate mutagen, but a pro-mutagen. Therefore, CO-OHEM is as important as EMin mutagenicity.
In addition, 5-OHEMwas a minor metabolite from EMby rat hepatic microsomes. It is also a pro-mutagen and a natural occurring product (catenarin).
The mutagenicity of 7-OHEM after metabolic activation with S-9
was not examined. However, 7-OHEM also is presumed to be a pro-mutagen, like 5-OHEM. Mutagenicity of 4-OHEMand EA was not observed, with or without pre-incubation.
Therefore, both compounds were nonmutagens to TA1537. Interestingly, 2-OHEM is an active metabolite of EM, but its mutagenicity was decreased by S-9. The results showed that 2-OHEMwas transformed into a non-mutagen by oxidation with S-9. Production of 2-OHEM by non-induced microsomesfrom manyexperimental animals are under investigation now. It has been proven that DNA strand breaks by the hydroxy radical accounts for the mutagenicity of 2-OHEM.9)
In comparison with 2-OHEMand the other derivatives, 2-OHEM has two /?-hydroxy groups like a catechol type. This chemical structure may be an essential moiety of proximate mutagenicity in EMderivatives.
